A new image fusion method of SAR, Panchromatic (Pan) and multispectral (MS) data is proposed. First of all, SAR texture is extracted by ratioing the despeckled SAR image to its low pass approximation, and is used to modulate high pass details extracted from the available Pan image by means of the á trous wavelet decomposition. Then, high pass details modulated with the texture is applied to obtain the fusion product by HPFM (High pass Filter-based Modulation) fusion method. A set of image data including co-registered Landsat TM, ENVISAT SAR and SPOT Pan is used for the experiment. The results demonstrate accurate spectral preservation on vegetated regions, bare soil, and also on textured areas (buildings and road network) where SAR texture information enhances the fusion product, and the proposed approach is effective for image interpret and classification.
INTRODUCTION
Image fusion is capable of integrating different imagery data creating more information than that from a single sensor, and it has received tremendous attention in the remote sensing literature. Many image fusion algorithms and software tools have been developed. Classical approaches to image fusion, widely used during the past two decades for spatial enhancement of multispectral (MS) data through a higher resolution panchromatic (Pan) observation, are based on the intensity-hue-saturation (IHS) transformation, principal components analysis (PCA), the high-pass filtering (HPF) technique, synthetic variable ratio (SVR), and the Brovey transform [1] . Recently, the wavelet transform and multi-scale pyramid have been used for merging multiresolution images. However, such available algorithms are not efficient for the fusion of SAR and optical images any more. In an urban area, many land cover types/surface materials are spectrally similar. This makes it extremely difficult to analyze an urban scene using a single sensor [2] [3] . Some of these features can be discriminated in a radar image based on their dielectric properties and surface roughness. The objective of our study is to present a novel image fusion method of SAR, Panchromatic (PAN) and multispectral data for urban object extraction. SAR texture is extracted by ratioing the despeckled SAR image to its low pass approximation, and is used to modulate high pass details extracted from the available Pan image by means of the á trous wavelet decomposition. High pass details modulated with the SAR texture is applied with high pass filter based on Modulation (HPFM) to obtain the fusion product. The following is introduction of the proposed fusion method.
METHODOLOGY

Á trous wavelet
Wavelet transform produces the images in different resolution. Wavelet representation refers to both spatial and frequency space. It can show a good position of an image in spatial and frequency space [4] .
There are different approaches to do wavelet decomposition. One of them is Mallat algorithm which can use wavelet function such as Daubechies functions. Here we use the á trous algorithm, which uses dyadic wavelet to merge
non-dyadic data in a simple and efficient procedure. In this algorithm for the discrete wavelet transform we must do the successive convolution with a filter. To convolve the image and the filter, we use convolution function directly. In each step we get a version of the image I 1 , I 2 , …. The wavelet coefficient is defined as the following
If we decompose an image I into wavelet coefficients, then we can write
in which I r is a residual image. At each scale L, we obtain a set wc L . This has the same number of pixels as the input image.
The above à trous algorithm performs successive convolutions with a filter. The use of the B-spline of degree 3 leads to a convolution with a mask of:
SAR texture extraction
The Lee filter for SAR speckle removal is used to reduce the effect of the multiplicative noise on homogeneous areas at first. Thus, the ratio image M of despeckled SARds image to its low pass approximation SAR L , obtained by the á trous wavelet algorithm as approximation at level L, is computed. The ratio image M has unity mean value. Due to imperfect despeckling, intrinsic signal variability of rough surfaces, and instability of image ratioing, the spurious fluctuations in homogeneous areas around the mean value m = 1 appear obviously. 
By denoting with
HPFM (High pass filter based on modulation) fusion technique
HPF is an arithmetic technique that applies a spatial enhancement filter to the high-resolution image before the two data sets are merged together on a pixel-by-pixel basis. The HPF fusion combines both spatial and spectral information using the band addition approach. When compared to the IHS and PCA, the HPF method exhibits less distortion in the spectral characteristics of the data; and distortions are minimal and difficult to detect as it is used spatial enhancement of multispectral data through a higher resolution panchromatic image obtained from the same sensor.
High pass filter based on modulation fusion technique aims at preserving the spectral characteristics of the MS image by keeping the result independent of the spectral property of the higher resolution image used for modulation [5] . The HPFM processing formula for the case of the multi-spectral images sharpening by means of a co-registered high resolution Panchromatic image P is the following
where MS k is the resampled k-th band of the MS image, P H (i，j) is high frequence details of high resolution Panchromatic image. In the proposed method, it is replaced by the wavelet planes of the panchromatic image, produced by á trous wavelet algorithm, modulated with the SAR texture. K( i, j) is decided by the following forma
where P L (i，j) is low frequence information of high resolution Panchromatic image, and P(i,j)= P L (i，j)+ P H (i，j).
So the proposed fusion scheme applied to obtain the fused image is shown in Fig. 1 . Fig. 1 The proposed fusion schedule
EXPERIMENTS AND ANALYSIS
The input dataset is composed of an ENVISAT SAR image of urban area of Wuhan , Landsat-5 TM images (band 3, 4, 5) and a SPOT Pan image. All the data have been accurately co-registered to the SPOT Pan image, as shown in Fig. 2(a) , Fig.2 (b) and Fig. 2 (c) . Texture will be blurred in the fusion image if the accuracy of co-registration among the SAR image, the TM images and the SPOT Pan image is not high enough. Fig. 3 is the fused images by proposed fusion method. The fused images are evaluated in visual examination and quantitative analysis.
Visual examination
Compared with from fig.2 (b) and fig. 3 , urban and built-up areas, as well as roads are clearly enhanced and almost perfect preservation of spectral signatures is visible in the fused images. Visual examination suggests that the fused images are higher in spatial resolution than that of the Landsat TM images, and have better visual effect. 
Quantitative analysis
In addition to visual analysis, we conduct a quantitative analysis. We base our analysis of the experimental results on entropy, average gradient of the fused images and correlation coefficient (Table 1) between the fused images and the Landsat TM images.
In Table 1 , we show that the entropy and the average gradient are bigger than the corresponding values of the TM images. The correlation coefficient between the fused images and the Landsat TM images is very high. From these results, we can say that the proposed fusion method provides more detailed spatial information simultaneously, preserves spectral content of the MS image. The proposed approach is effective for image interpret and classification. Its effectiveness for urban object extraction will be presented in the other paper. 
CONCLUSION
A new image fusion method of SAR, Panchromatic (Pan) and multispectral (MS) data is proposed. The SAR texture extraction and high pass details of Pan image modulated with the SAR texture are reasonable. The proposed method can improve spatial resolution and simultaneously preserve spectral content of the MS image, and is effective for image interpret and classification. For future work, the authors would be looking at evolving to a more autonomous fusion system.
